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AMENDMENTS TO THE CLAIMS 

Please amend claims 1-31 as follows. The following listing of claims replaces all prior 
versions and listings of claims in this application: 

1 . (currently amended) A method to determine for d e t e rm i n i ng a deployment 
level of an airbag in a vehicle, the method comprising the following steps: 

(a) repeatedly capturing a plurality of frames of time-of-flight (TOF) three- 
dimensional depth images of a scene that includes a region of a seat in said vehicle 
sea t, from which plurality of frames data representing occupancy of said seat may be 
determined with a confidence level greater than if data from a single frame were used; 
and 

(b) repeatedly determining occupancy information using confidence enhancing 
plurality of frames captured at step (a), wherein determined said occupancy information 
is useable to determine deployment level to intelligently control deployment of said 
airbag; from at lo ast on o of said throo d i mens i onal captur o d dopth images; 

( c) upon occurronco of an a i rbag deployment tr i gg e ring o v o nt r e p e at i ng st e p (a) 
and stop (b) moro frequent l y than before occurrence of sa i d a i rbag dep l oym e nt 
tr i gg e r i ng e v e nt; a nd 

(d) i nd i cat i ng a i rbag d e p l oyment le v o l bas o d at lo ast in part on occupancy 
i nformat i on d o t o rm i nod after occurronco of said a i rbag d e ployment trigg e r i ng e v e nt; 

2. The method of claim 1 , further including: 

(c) upon receipt of an airbag-deplovment triggering event, repeating at least 
portions of step (a) and step (b) more freguentlv than before occurrence of said airbag- 
deplovment triggering event, wh o r oi n st o p (b) i nc l udes d o t o rmining posit i on i nformat i on 
of an occupant on th e sa i d v e h i cl e s e at. 

3. (currently amended) The method of claim 1 , further including: 

(d) determining airbag deployment level based at least in part on occupancy 
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data captured after occurrence of an airbag-deplovment triggering event; 

wherein such airbag deployment level determination is useable to intelligently 
control deployment of said airbag. 

wh e r ei n st e p (b) i nc l udes d e t e rmin i ng wh e r e a d e s i gnat e d compon e nt of said 
occupant i s r ola t i vo to an aroa from wh i ch sa i d a i rbag is to b o dep l oy e d. 

4. (currently amended) The method of claim 3 1, further including: 

(c) upon receipt of an airbag-deplovment triggering event, repeating at least 
portions of step (a) and step (b) more freguentlv than before identification of occurrence 
of said airbag-deplovment triggering event; and 

(d) determining airbag deployment level based at least in part on occupancy 
data captured after occurrence of an airbag-deplovment triggering event; 

wherein such airbag deployment level determination is useable to intelligently 
control deployment of said airbag. 

wh o ro i n d e t e rmin i ng wh e r e a d e s i gnat e d compon e nt of th e occupant is i nc l ud e s 
determ i n i ng wh e r e at le ast one of a h e ad and torso of sa i d occupant is r e lativ e to said 
ar o a from wh i ch sa i d airbag i s to b o d e ployed. 

5. (currently amended) The method of claim 1 , wherein step (b) includes at least 
one procedure selected from a group consisting of (i) using a hierarchical layered 
determination method, and (ii) using a training algorithm, further i nclud i ng class i fy i ng 
said obj e ct from at l e ast on e of sa i d captur o d d e pth I mag e s. 

6. (currently amended) The method of claim § 1, wherein step (b) includes at 
least one determination selected from a group consisting of (i) determining position 
information of an occupant of said seat, (ii) determining position information of an 
occupant of said seat relative to a region from which said airbag is deplovable. (iii) 
determining position information of at least one body portion of an occupant of said 
seat, (iv) determining position information of at least one body portion of an occupant of 
said seat relative to a region from which said airbag is deplovable, (v) determining a 
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pose of an occupant of said seat; and (vi) determining whether an extremity of said 
occupant of said seat extends towards a region from which said airbag is deplovable. 
wh e r e in class i fying sa i d obj e ct from at le ast on e of s ai d captur e d d e pth im a g e s is 
p e rform e d trigg e r e d d e p l oym e nt of sa i d a i rbag . 

7. (currently amended) The method of claim § 1, further including at least one 
occupant classification selected from a group consisting of (i) classifying an occupant of 
said seat, (ii) classifying an occupant of said seat before occurrence of an airbag- 
deployment triggering event, (iii) classifying an occupant of said seat immediately upon 
start-up of said vehicle c l ass i fy i ng sa i d ob je ct from at le ast on e of said captur e d d e pth 
i mag e s i s p e rform e d i mm e d i ate l y aft e r start up of sa i d v e h i c le. 

8. (currently amended) The method of claim 1 , wherein step (b) includes a 
training algorithm selected from a group consisting of (i) a nearest neighbor classifier, 
(ii) a support vector machine, (iii) a neural network, and (iv) a linear discriminant 
analyzer, a sing le occurr e nc e of step (a) and st e p (b) and st e p (c) r e qu i r e s le ss than 
about 100 ms. 

9. (currently amended) The method of claim 1 , wherein at le ast on e of step (a) 7 
st e p (b) and st e p (c) includes capturing at least one depth image with lower resolution 
than was resolution used before occurrence of said an airbag-deployment triggering 
event. 

10. (currently amended) The method of claim 1 , further including wh e re i n st e p 
(d) i nclud e s determining deployment level in a manner selected from a group consisting 
of (i) lowering deployment level when said occupant is less than a minimum max i mum 
distance from a region from which said airbag is deplovable a n ar ea from which said 
airbag i s to b e d e p l oy e d , and (ii) maximizing deployment level when said occupant is a 
maximum distance from a region from which said airbag is deplovable . 

1 1 . (currently amended) The method of claim 4 2, wherein step (c) includes 
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processing input from at least one sensor that signals occurrence of a collision involving 
said vehicle, st e p (d) i nclud e s max i m i z i ng d e p l oyment le v el wh e n sa i d occupant i s a 
max i mum d i stanc e from an area from wh i ch sa i d a i rbag i s to b e d e ploy e d . 

12. (currently amended) The method of claim 1, wherein intelligent deployment 
of said airbag includes deployment selected from a group consisting of (i) mandatory 
deployment, (ii) deployment at reduced power, (iii) non-deployment, and (iv) 
unconditional non-deployment, wher e in st e p (b) i nclud e s det e rm i n i ng a pos e of sa i d 
occupant. 

13. (currently amended) The method of claim 42 1, wherein step (a) includes 
acouiring from at least a region of said scene at least one of (i) depth map information, 
(ii) reflectivity-based intensity information, and (iii) intensity-based information. 
d e t e rm i n i ng a pos e of sa i d occupant i nc l ud e s d e t e rm i n i ng wh e th e r an e xtr e mity of sa i d 
occupant is e xt e nd e d tow a rds an ar ea from wh i ch sa i d a i rbag i s to b e d e p l oy e d. 

14. (currently amended) The method of claim 1, wh e r ei n stop (d) i nc l ud e s 
further including disabling airbag deployment when at least a portion of said occupant is 
determined to be too close to a region from which said airbag is deplovable . an area 
from wh i ch s ai d a i rbag is to b e d e ploy e d. 

15. (currently amended) A three-dimension time-of-flight (TOF) sensor system 
to determine deployment level of an airbag in a vehicle, the sensor system comprising: 

a light source to emit light onto a scene that includes a region of a vehicle seat 
protectable by said airbag; 

a sensor array disposed to capture light reflected from said scene including 
reflected light from said light source; 

means for repeatedly capturing a plurality of frames of time-of-flight (TOF) three- 
dimensional depth images of said scene, from which plurality of frames data 
representing occupancy of said seat may be determined with a confidence level greater 
than if data from a single frame were used; and 

_ means for repeatedly determining occupancy information using confidence 
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enhancing plurality of frames captured by said sensor array, wherein determined said 
occupancy information is useable to determine deployment level to intelligently control 
deployment of said airbag. 

A thr ee d i m e ns i ona l s e nsor syst e m to det e rm i n e a d e p l oym e nt l e v el of an a i rbag i n a 
v e h i c le , th o s o nsor syst e m compr i s i ng:: 

a l i ght source to o m i t l ight onto a sc o no that i nc l udes a v e hic le s e at to be 
prot e ct e d by said a i rbag wh e n sa i d v e h i c le s e at i s occupi e d; 

an array of li ght - s e ns i tiv e p i x e ls d i spos e d to captur e r e f le ct e d li ght from sa i d 
sc e n e , i nc l ud i ng i nc l ud i ng li ght em i tted by said l i ght sourc e , such that i n at le ast on e 
sc e n e captur e , thre e dim e ns i onal d a ta r e pr e s e nt i ng sa i d sc e n e ar e captur e d; 

proc e ss i ng r e sourc e s to d e t e rm i n e d e pth i nformat i on for an obj e ct in said sc e n e 
bas e d upon at le ast on e tim e of f l ight (TOF) charact e r i st i c of refl e ct e d l ight e m i tt e d by 
sa i d li ght sourc e and captur e d by said array, sa i d process i ng r e sources conf i gured to 
d e t e rm i n e occupancy data for sa i d obj e ct bas e d upon r e f le ct e d l i ght from sa i d sc e n e 
captur e d by sa i d array, and to det e rm i n e a i rbag d e p l oym e nt l ev el bas e d at le a st i n part 
upon occupancy data, r e spons i v e to r e c ei v i ng data ind i cating occurr e nc e of a col li sion 
of sa i d v e hicle. 

16. (currently amended) The sensor system of claim 15, wherein upon receipt of 
an airbag-deployment triggering event, said means for repeatedly capturing captures 
more freguentlv and said means for repeatedly determining determines more freguently 
than before occurrence of said airbag-deployment triggering event, sa i d process i ng 
r e sourc e s commun i cat e a i rbag d e p l oym e nt l eve l , r e spons i v e to data i ndicat i ng 
occurr e nc e of a co ll is i on of s ai d v e h i c le , to an a i rbag actuat i ng d e v i c e . 

17. (currently amended) The sensor system of claim 15, wherein upon 
occurrence of an airbag-deployment triggering event, airbag deployment level is 
determined based at least in part on occupancy data captured after occurrence of an 
airbag-deployment triggering event; 

wherein airbag deployment level determination is useable to intelligently control 

REPLY TO FINAL OFFICE ACTION 6 Of 1 5 s/n 10/660 - 907 



ATTORNEY DOCKET: #41 



PATENT) 



deployment of said airbag. whor e in sa i d light sourc e omits a modu la ted infrar e d light. 

18. (currently amended) The sensor system of claim 4^ 15, wherein upon 
occurrence of an airbag-deplovment triggering event, 

said means for repeatedly capturing captures more freguently and said means 
for repeatedly determining determines more freguentlv than before occurrence of said 
airbag-deplovment triggering event; and 

airbag deployment level is determined based at least in part on occupancy data 
captured after occurrence of an airbag-deplovment triggering event;; 

wherein airbag deployment level determination is useable to intelligently control 
deployment of said airbag. whoro i n said tim o of f l ight charact o rist i c i ncludes a phas e 
sh i ft b e tw ee n modu l ated li ght e mitted from sa i d li ght sourc e and refl e ct e d modu l at e d 
li ght captur e d by sa i d a rray of l ight s o ns i t i ve p i x e ls. 

19. (currently amended) The sensor system of claim 15, wherein said means for 
determining includes at least one procedure selected from a group consisting of (i) a 
hierarchical layered determination, and (ii) a training algorithm, array of l ight sensitiv e 
p i x el s i s form e d on comp l em e ntary m e ta l ox i d e s e m i conductor devic e . 

20. (currently amended) The sensor system of claim 15, wherein said means for 
repeatedly determining carries out at least one determination selected from a group 
consisting of (i) determining position information of an occupant of said seat, (ii) 
determining position information of an occupant of said seat relative to a region from 
which said airbag is deplovable, (iii) determining position information of at least one 
body portion of an occupant of said seat, (iv) determining position information of at least 
one body portion of an occupant of said seat relative to a region from which said airbag 
is deplovable, (v) determining a pose of an occupant of said seat; and (vi) determining 
whether an extremity of said occupant of said seat extends towards a region from which 
said airbag is deplovable. proc e ss i ng r e sourc e s ar e conf i gur e d to d e t e rm i n e occupancy 
c l assif i cat i on bas e d on captur e by sa i d array of light s e nsitiv e p i x el s of r e flect e d l ight 
e m i tt e d by sa i d li ght sourc e . 
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21. (currently amended) The sensor system of claim 20 15, wherein occupant 
classification includes at least one classification selected from a group consisting of (i) 
classifying an occupant of said seat, (ii) classifying an occupant of said seat before 
occurrence of an airbag-deplovment triggering event, (iii) classifying an occupant of said 
seat immediately upon start-up of said vehicle, wher ei n occupancy c l ass i f i cat i on 
inc l ud e s at l e ast a first c l ass i nc l ud i ng an adu l t, a second class i ncluding at le ast on e of 
a ch il d a nd a ch il d s e at, a nd a third c l ass r e pr e s e nt i ng abs e nc e of any occupant. 

22. (currently amended) The sensor system of claim 20 15, said means for 
determining includes at least one training algorithm selected from a group consisting of 
(i) a nearest neighbor classifier, (ii) a support vector machine, (iii) a neural network, and 
(iv) a linear discriminant analyzer, wh e r e in sa i d s e nsor syst e m d e t e rm i n e s occupancy 
c l ass i ficat i on bas e d on r e f le ct e d li ght from sa i d li ght source captur e d on sa i d array of 
l ight s e ns i tiv e p i x el s. 

23. (currently amended) The sensor system of claim 15, wherein said means for 
repeatedly capturing captures at least one depth image with lower resolution than 
resolution used before occurrence of an airbag-deplovment triggering event, said 
proc e ssing r e sourc e s ar e conf i gur e d to d e t e rmin e occup a nt pos i t i on r el ativ e to a s i t e 
from which sa i d a i rbag is d e p l oy e d us i ng r e f l ect e d l ight from sa i d l ight sourc e captur e d 
on sa i d array of li ght s e nsitiv e p i x e ls. 

24. (currently amended) The sensor system of claim 24 15, wherein airbag 
deployment level is determined in a manner selected from a group consisting of (i) 
lowering deployment level when said occupant is less than a minimum distance from a 
region from which said airbag is deplovable, and (ii) maximizing deployment level when 
said occupant is a maximum distance from a region from which said airbag is 
deplovable. wh e r ei n sa i d proc e ssing r e sourc e s ar e conf i gur e d to signal data indicat i ng 
at l e ast on e of a part i al d e p l oyment le v el and z e ro dep l oym e nt l e v e l bas e d on 
occupancy c l ass i ficat i on r e sponsiv e to data indicat i ng co lli sion of sa i d v e h i cl e has 
occurr e d. 
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25. (currently amended) The sensor system of claim 23 1_5, further including at 
least one sensor that signals occurrence of a collision involving said vehicle, output from 
said at least one sensor being processed to identify occurrence of an airbag- 
deplovment triggering event, wh o r ei n sa i d proc e ss i ng r e sourc e s ar e conf i gur e d to s i gna l 
data ind i cat i ng at le ast on e of a partial d e p l oyment l e v ol and a zero d e p l oyment le v el 
bas e d on occupancy pos i t i on r e spons i v e to data i nd i cat i ng coll i s i on of sa i d v e h i c le has 
occurred. 

26. (currently amended) The sensor system of claim 23 15, wherein said means 
for determining intelligent deployment of said airbag includes deployment selected from 
a group consisting of (i) mandatory deployment, (ii) deployment at reduced power, (iii) 
non-deplovment, and (iv) unconditional non-deployment, sa i d proc o ss i ng resources aro 
configur e d to i d e nt i fy a track i ng f ea tur e of sa i d occup a nt so as to track said occupant 
r ela tiv e to a s i t e from which sa i d a i rbag is d e ploy e d. 

27. (currently amended) The sensor system of claim 23 15, wherein said means 
for repeatedly capturing acguires from at least a region of said scene at least one of (i) 
depth map information, (ii) reflectivity-based intensity information, and (iii) intensity- 
based information, sa i d proc e ss i ng r o sourc o s ar e configur e d to i d e nt i fy a track i ng 
f e ature of s a id occupant bas o d on sc o no refloct o d li ght captur e d on said array of li ght - 
sons i t i v e p i xels. 

28. (currently amended) The sensor system of claim 15, further including 
disabling airbag deployment when at least a portion of said occupant is determined to 
be too close to a region from which said airbag is deplovable. further comprising an 
optica l f il t e r to fi l t e r amb i ent l i ght from r e fl e ct e d l i ght i n a sc o no captured on sa i d array of 
li ght s e ns i t i v e p i x el s. 

29. (currently amended) The sensor system of claim 23 15, wherein said- means 
for determining includes a training algorithm selected from a group consisting of (i) a 
nearest neighbor classifier, (ii) a support vector machine, (iii) a neural network, and (iv) 
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a linear discriminant analyzer, opt i cal f il ter i s conf i gurod for l ow incid e nce angles to 
maintain a r el at i v el y narrow i nt e rf e r e nc e band. 

30. (currently amended) The sensor system of claim 20 15, wherein said system 
determines whether an image contains a face of a passenger in said seat, fwthef 
compr i sing an e l e ctr i ca l no i s e reduct i on f i lt e r to e nhanc e s e nsit i v i ty of i nd i v i dua l p i x els i n 
said array of pix e ls. 

31 . (currently amended) The sensor system of claim 30 15, wherein at least a 
portion of said system operates under control of a processor, furth e r compr i s i ng a 
common common modo reset c i rcuit coup lo d to sa i d array of p i x e ls to at l oast r e duc e 
p i x el saturat i on. 
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